This study identified and determined optimal design and operating conditions that would offer the maximum power plant efficiency of both subcritical and supercritical pulverized coal-fired power plants. A process-based computer model of the pulverized coal-fired power plants was successfully developed using the principles of coal combustion, combustion chemistry, heat transfer from a combustion zone, combined material and energy balances and thermodynamics of a steam power cycle. The developed model was used for a sensitivity analysis using rank correlation coefficient and Monte Carlo simulation approaches in order to arrive at the optimal operating and design conditions.
Introduction
Electricity generation by coal is one of the most important activities in fossil fuel based economies across the globe. Despite its significance, the use of coal for electricity generation poses an adverse impact on humans and the environment, especially excessive emissions of greenhouse gases (GHGs) to the atmosphere. Carbon dioxide (CO 2 ) is one of the major GHGs causing global warming. Reduction of CO 2 emissions from coal-fired power plants can be achieved by improving net efficiency of the power generation cycle and integrating a CO 2 capture unit to remove CO 2 from the combustion flue gas before it is discharged to the atmosphere. The improved efficiency strategy can be realized through either adjusting the power plant operating conditions or modifying the plant's configuration to fully utilize energy resources within the system. Applying these two approaches can lead to the maximum plant efficiency as well as the minimum coal consumption, thus resulting in the reduced rate of CO 2 emissions at a specific net power output. This study is therefore aimed at determining the optimal design and operating conditions that offer the maximum power plant efficiency so as to improve the net efficiency of the pulverized coal-fired power plants as well as to reduce the emissions of GHGs from electricity generation by coal.
Model development
This study was carried out by developing a process-based computer model of pulverized coal-fired power plants that is built on the principles of coal combustion, combustion chemistry, heat transfer from combustion zone, combined material and energy balances, and thermodynamics of a steam power cycle. The model was built according to typical configurations of the pulverized coal-fired power plants. A series of process modules was formulated specifically for individual process components that were put together to form the complete system of power generation. The principles used in such modules are given in Sanpasertparnich [1] . Simulation of the developed model was performed for a sensitivity analysis using the rank correlation coefficient and the Monte Carlo simulation approaches in order to arrive at the optimal operating and design conditions. The simulation was done through computational steps as illustrated in Figure 1 . The developed model was successfully validated with the data reported by the U.S.DOE [2] and Kakaras et al. [3] . Both subcritical and supercritical pulverized coal-fired power plants were used in the simulation. Table 1 summarizes the maximum-minimum ranges of the plant performance including the thermal efficiency, the net efficiency, the rate of the coal consumption, the combustion temperature, the emission rate of CO 2 and other air pollutants. The results presented in the table were based on combustion of Illinois #6 bituminous coal. The performance of the subcritical pulverized coal-fired power plant can be varied in the wide ranges (32.41-41.29% net efficiency and 759-993 kg/MWh CO 2 emission). Significant variation in the performance indicates the important role of process conditions under which the power plant is operated. Table 3 presents maximum-minimum ranges of plant performance. The results show that the net efficiency can reach as high as 43.2% whereas the maximum net efficiency of the subcritical pulverized coal-fired power plant is 41.3%. Figure 2 -b outlines the sensitivity analysis based on the correlation coefficient of individual operating parameters for supercritical power plant. It was found that the pressure of steam extracted from the middle of the HP turbine (the 1 st extract) had a significant impact on the net efficiency of the plant. Table 4 present the optimal operating conditions of the 425 MW (gross output) supercritical pulverized coal-fired power plant burning Illinois #6 bituminous coal. The constraints are the moisture content of steam leaving any turbines of no greater than 10% [4] . There is no limitation for main and reheat temperatures in the steam power 
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Output cycle since the material used for the boiler tube was assumed to be ferritic and austenitic that could withstand the temperature up to 600 o C [7] .
Conclusion
The major operating and design parameters affecting the net efficiency of the pulverized coal-fired power plants are the moisture content in coal, the pressure operations at the high-pressure, intermediate-pressure and low-pressure turbines, the boiler efficiency, the preheated air temperature, the temperature of main steam and the temperature of reheated steam. The key to arriving at the optimal operation of the subcritical pulverized coal-fired power plant is to operate pressure at 19.0 MPa HP inlet pressure with 5.1 HP pressure ratio between the inlet and the outlet, at 3. 
